carbon (∆C ant ). Application of the extended Multi Linear Regression (eMLR) method shows 29
that the ∆C ant from 1994 to 2011 has largely remained confined to the upper 1000 dbar. The 30 greatest changes occur in the upper 200 dbar in the SubAntarctic Zone (SAZ), where a 31 maximum increase of 37 µmol kg -1 is found. South Atlantic Central Water (SACW) 32 experienced the highest rate of increase in C ant , at 0.99±0.14 µmol kg -1 y -1 , resulting in a 33 maximum rate of decrease in pH of 0.0016 yr -1 . The highest rates of acidification relative to 34 ∆C ant , however, were found in SubAntarctic Mode Water (SAMW) and Antarctic 35
Intermediate Water (AAIW). The low buffering capacity of SAMW and AAIW combined 36
with their relatively high rates of C ant increase of 0.53±0.11 µmol kg -1 y -1 and 0.36±0.06 37 µmol kg -1 y -1 , respectively, has lead to rapid acidification in the SAZ, and will continue to do 38 in the past decade the South Atlantic has been more effective at sequestering C ant 48 than the North Atlantic. These authors calculated a rate of increase 49 of the North Atlantic inventory of 1.9 Pg C decade -1 , whereas the South Atlantic inventory 50 grew at a rate of 3.0 Pg C decade -1 . Calculations by Ríos et al. (2012) indicate that the 51 southwestern Atlantic Ocean dominates the South Atlantic sink of C ant , with a storage rate of 52 0.25±0.035 Pg C decade -1 . Quantifying the exact rate of increase in anthropogenic carbon in 53 ocean waters is inherently problematic due to the highly variable nature of DIC within the 54 ocean and the relatively small fraction of total dissolved inorganic carbon (DIC) that the 55 anthropogenic component represents (~3%; Ríos et al., 2010) . In the past decade a number 56 of methods for calculating the increase in C ant (∆C ant) 
eMLR and C ant Calculations 194
There are two general carbon data-based approaches for studying the increasing oceanic C ant . 195
The first approach uses back-calculation techniques to obtain an estimate of pre-industrial 196 DIC concentration against which to compare current measurements. Methods from the 197 second approach aim to determine the part of change in DIC between two specific time 198
periods that is attributable to anthropogenic invasion. One example of each approach is 199 employed in this study; eMLR (Friis et al., 2005) The multi-linear regression approach to estimating anthropogenic CO 2 invasion was 206 introduced by Wallace (1995) . It involves using a number of biogeochemical properties, 207 known to be related to DIC, to obtain a model of the observed DIC. As the relationships 208 between DIC and these properties are expected not to change over time, the same statistical 209 relationships can be applied to a second dataset of later date. Differences between the thus 210 'predicted' DIC and the observed DIC are attributed to the invasion of anthropogenic CO 2 . In 211 the extended version (eMLR) developed by Friis et al. (2005) , which is applied here, the DIC 212 from two datasets is fitted to the same selection of properties from both datasets, and the 213 difference between parameter coefficients is assumed to be predictive of the difference in C ant 214 between the two cruises: 215 (Fig. 2) . 223
224
The eMLR regressions were applied along isopycnals intervals, as the preferred method of 225 water movement from the surface into the ocean interior is along surfaces of constant density. 226
It thus follows that waters occupying the same density band share a common formation 227 history and can be described by a single equation. Isopycnal bands were chosen based on 228 temperature-salinity plots of the water masses and the amount of data occupying each 229 interval. The coefficients and accompanying statistics from each isopycnal interval are 230 displayed in Table 1 1996) . The main advantage of this method is that it considers the non-steady state of A T and 245 pCO 2 in the subsurface reference layer. 246 247
Buffer Factors 248
The revelle factor was originally described by Revelle and Suess (1957) 
258 
Hydrography of the South Atlantic Ocean 270
The distributions of potential temperature, salinity, AOU, silicate, A T , and DIC of the In the southwestern Atlantic Ocean AAIW extends further north than in other oceans, due to 308 the western boundary current along the coast of South America (Talley, 1996) . The AAIW is 309 a relatively young water mass and has AOU values comparable to NADW (~50 -100 µmol 310 kg -1 ), however, it can be distinguished from uNADW, in its northward reaches, by its 311 
368
To estimate the rate of increase of C ant in each water mass we identified their respective cores 369 (Fig. 3b) carbon determination (Sect. 2.3.2) to the WOCE '94 A17 dataset, we obtain the total C ant 418 signal from pre-industrial times to 1994 (Fig. 4a) . The C ant value allows the calculation of the 419 decline in pH, which has been caused by increasing C ant , during this time period (from pre-420 industrial times to 1994: ΔpH 1994 ). The average surface (<250 dbar) ΔpH 1994 across the 421 section was -0.08, which is just under the predicted, general surface ocean decrease of 0.1 422 (Orr et al., 2005) . The ocean interior experienced relatively small ΔpH 1994 , however, the 423 change was accompanied by a significant shoaling of the aragonite saturation horizon, most 424 notably in the southern half of the section (Fig. 4c) . surface ΔpH 2011 -0.11 units since pre-industrial times. Thus, of the total decrease since pre-429 industrial times to the present day, 27% occurred within the past 17 years. However, we can 430 detect no notable change to the aragonite saturation horizon over the past 17 years (Fig. 4c) . 431
Historically, the uptake of C ant by the surface ocean was relatively gradual, which allowed it 432 to be well distributed throughout the water column. In contrast, the effects of the more recent, 
Buffering Capacity 453
The continuing uptake of atmospheric CO 2 gradually depletes the naturally available 454 carbonate ion in the surface ocean thereby decreasing the capacity to 'buffer' further CO 2 455 uptake and leading to the gradual acidification of the seawater. The extent to which the pH is 456 affected by the increase of DIC is dependent upon several properties, including temperature, 457 pressure, and A T , which together determine the buffering capacity of the water. As DIC 458 increases, assuming no other changes take place, the buffering capacity of the water is 459 reduced as [CO 3
2-] decreases and [CO 2 ] increases. The A T is not altered by the flux of 460 atmospheric CO 2 into the ocean. However, A T is affected by biological processes, notably the 461 dissolution and formation of calcium carbonate, with dissolution dominating in deep waters 462 and formation playing a more important role in the surface. DIC is not equal between water masses. The SAMW, a relatively fresh, low alkalinity water 466 mass, has an acidification rate of -0.0014 yr -1 , which is 88% of that of SACW, a warmer, 467 more saline water mass. However, the C ant increase rate of SAMW is only 54% that of 468 SACW. The AAIW shows the same rate of acidification as uCDW, however, the increase of 469 C ant in uCDW is 10% lower than that of AAIW. These differences can be attributed to the 470 varying buffering capacities of the water masses. 2-] to the surface. In addition, these waters have slightly lower salinities and thus lower 498 borate concentrations, which further diminish their buffering capacity, also reflected in thehigh revelle factors (Fig. 5a ). For the same DIC value the buffering capacity of AAIW is 500 substantially lower than that of uCDW stemming from the low A T of AAIW, which is also 501 reflected in the high ωDIC values. With the current calculated rate of increase of C ant , 502 aragonite will become under-saturated in AAIW around the year 2100, when DIC 503 concentrations reach 2208 µmol kg -1 . This could happen even sooner, as wintertime, storm-504 driven upwelling entrainment of deep waters into the surface in the SO is predicted to cause 505 seasonal aragonite under-saturation in the region as soon as 2030, when atmospheric CO 2 506 levels reach ~450 ppm (McNeil and Matear, 2008) . 507 508
Continued C ant increase 509
The buffering capacity of each water mass will be reduced by increasing the DIC 510 concentrations. To investigate how the buffering capacities of the different water masses in 511 this section have changed over time, and will continue to do so, the DIC buffer factors of 512 each water mass were calculated and plotted against DIC concentration (Fig. 6) . Due to the 513 large relative error of the calculated ∆C ant increases in the deeper waters, these were not 514 included. The high rate of uptake of C ant by SACW means that this water mass has seen the 515 largest decrease in buffering capacity since pre-industrial times. The βDIC value has 516 decreased from 0.281 to 0.247 mmol kg -1 and Ω Ar has decreased from 4.1 to 3.3. In contrast, 517 uCDW has shown relatively little change due to the low values of C ant . However, 518 extrapolating our calculated C ant rates of increase we predict a 33 µmol kg -1 increase in this 519 water mass over the next century, which will result in a significant reduction in buffering and 520 a pH decrease of -0.102. The buffering capacities of SAMW and AAIW follow a similar 521 pattern to each other, however, SAMW contains a greater proportion of subtropical water 522 than AAIW, thus it maintains a slightly higher buffering capacity than AAIW. Both AAIW 523 and uCDW will see a similar increase in C ant over the next century (37 and 33 µmol kg -1 , 524 respectively), however, the decline in Ω Ar will be 1.6 times greater in AAIW, due to higher 525 ωDIC values. The SAMW will see approximately 54% of the increase in C ant that SACW 526 will experience, however will undergo 84% of the associated pH decline. These extrapolated 527 predictions highlight the vulnerability of SAMW and AAIW to increasing C ant , as also noted 528
by Gonzalez-Davila et al. (2011) . 529
The observed pattern of ∆C ant in the southwest Atlantic clearly identifies the SAZ as the most 531 effective entry point of C ant into the ocean. In addition, the buffering factors of Egleston et al. 532 (2010) explicitly show that by the end of this century the two dominant water masses in this 533 area (SAMW and AAIW) will be the most sensitive to further C ant increases. Whilst it is clear 534 that this will accelerate the rate of acidification in these water masses, it is unclear how it will 535 affect the CO 2 uptake in the SAZ. Assuming no changes to primary production, the increased 536 sensitivity of SAMW to DIC changes will lead to much greater seasonal variability in the 537 carbonate system of this water mass between the productive and non-productive period. The 538 biological uptake of DIC in the SAZ in austral spring and summer would lead to a more 539 dramatic decrease in surface water pCO 2 , allowing a greater air-sea pCO 2 flux. Conversely, 540 the acidification and decline in Ω Ar may be detrimental to calcifying organisms in the area, as 541 Tables  844   Table 1a . 845 accompanying average buffering capacity values (γDIC, βDIC, ωDIC and revelle factor) 880 calculated using the GEOTRACES-NL (2010/11) dataset. Water masses are determined 881 using the same criteria as given in Table 2 . 
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